CABLE MODEM HAVING A WIRELESS COMMUNICATION FUNCTION 



BACKGROUND OF THE INVENTION 

Field of the Invention 

5 The present invention relates to a cable modem that exchanges information 

by using a CATV network as an information transfer medium. 



Description of the Prior Art 

An example of a conventional cable modem is shown in Fig. 9. This cable 

10 modem 81 is, on the one hand, connected by way of a 75 Q coaxial cable 82 to a 
CATV station (head end) of a CATV network (not shown), and, on the other hand, 
connected by way of cables 84a, 84b, . . . , such as a LAN cable and a USB 
(universal serial bus) cable, to an information processing terminals 83a, 83b, . . . , 
such as personal computers (this system will be referred to as conventional system 

15 1). In Fig. 9, reference numeral 91 represents a set- top box connected to an RF 
coaxial cable 100, and reference numeral 92 represents a television monitor 
connected to the set-top box. Reference symbol LO represents a living room, and 
reference symbols LI and L2 represent other rooms separate therefrom. 

On the other hand, for example, Japanese Patent Application Laid-Open No. 

20 HlO-234028 discloses a cable modem (CATV home unit) provided with a CATV 
data transmission/reception unit and a wireless LAN unit. Here, the CATV data 
transmission/reception unit is connected by way of a CATV cable to a CATV 
network, and is connected to individual information processing terminals through 
wireless communication by the wireless LAN unit (this system will be referred to as 
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conventional system 2). 

However, with the cable modem of conventional system 1 described above, 
which is based on wired communication, the connection between the cable modem 
81 and information processing terminals 83a, 83b, . . . , such as personal computers, 
5 requires installation of cables 84a, 84b, . . . , such as a LAN cable and a USB cable. 
In particular in cases where the cable modem 81 is installed in a room separate 
from the rooms in which the information processing terminals 83a, 83b, . . . are 
installed, installation of the cables requires large-scale work. 

On the other hand, switching from wired communication as employed by 
10 conventional system 1 described above to wireless conmiunication as employed by 
conventional system 2 described above requires replacement of the cable modem 
itself, and thus requires extra costs. 



SUMMARY OF THE INVENTION 

15 An object of the present invention is to provide a cable modem having a 

wireless communication function that permits easy and inexpensive switching 
from wired communication to wireless communication. 

To achieve the above object, according to one aspect of the present invention, 
a cable modem having a wireless commimication function and using a CATV 

20 network as an information transfer medium is provided with a cable modem proper 
that is connected by way of a coaxial cable to a CATV network and an expansion 
unit attached thereto having a wireless LAN function that permits communication 
with an information processing terminal on a wireless basis. Here, this expansion 
unit and the cable modem proper are coupled together by use of a plug and a 
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connector in such a way as to be freely removable. This permits easy switching 
from wired communication to wireless communication. 

According to another aspect of the present invention, in this cable modem 
configured as described above, the plug is a plug for a LAN cable and the connector 
5 is a connector for a LAN cable. This permits easy switching from wired 
communication to wireless communication. 

According to another aspect of the present invention, in the cable modem 
configured as described above, the bit error rate of the expansion unit is measured 
at regular time intervals so that the output level and the data transfer rate are varied 
10 according to the measurement results in order to keep communication quality 
above a predetermined level. In a case where a wireless network is used for 
communication with an information processing terminal, there is the risk of poor 
communication quality depending on the location of the information processing 
terminal. Even in such a case, this configuration makes it possible to keep 



15 communication quality above a predetermined level all the time. 
.1=3 According to another aspect of the present invention, in the cable modem 

configured as described above, the cable modem has a function of transmitting 
information on how much to increase or decrease the output level according to the 
measurement results to an interface portion of the information processing terminal 

20 that communicates with the cable modem on a wireless basis. This permits the 
output level and the data transfer rate to be adjusted also in the interface portion of 
the information processing terminal, and thereby makes it possible to keep 
communication quality above a predetermined level all the time also on the part of 
the information processing terminal. That is, by adjusting the output level and the 
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data transfer rate in both the cable modem and the interface portion of the 
information processing terminal, it is possible to keep communication quality 
above a predetermined leveL 



This and other objects and features of the present invention will become 
clear from the following description, taken in conjunction with the preferred 
embodiments with reference to the accompanying drawings in which: 

Fig. 1 is a block diagram showing the system configuration of a cable modem 
10 having a wireless communication function according to the invention; 

Fig. 2 is a block diagram showing the configuration of the interface portion 
attached to the information processing terminal; 

Fig. 3 is a diagram showing an example of the construction of a network 
system employing a cable modem according to the invention; 
15 Fig. 4 is a flow chart showing the procedure for adjusting the output level 

and the data transfer rate; 

Fig. 5 is a diagram showing the construction of the management table in a 
case where a plurality of information processing terminals are connected by a 
wireless network; 

20 Fig. 6 is a protocol stack diagram showing the data conversion processes in 

the first and second MACs; 

Fig. 7 is an external perspective view showing an example of the coupling 
mechanism between the cable modem proper and the expansion unit in a cable 
modem having a wireless communication function according to the invention; 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 8 is an external perspective view showing another example of the 
coupling mechanism between the cable modem proper and the expansion unit in a 
cable modem having a wireless commimication function according to the 
invention; and 

5 Fig. 9 is a diagram showing the construction of a network system employing 

a conventional cable modem. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the present invention will be described with 
10 reference to the drawings. Fig. 1 is a block diagram showing the system 
configuration of a cable modem having a wireless communication function 
according to the invention. Fig. 2 is a block diagram showing the configuration of 
the interface portion attached to an information processing terminal. 

In this embodiment, as shown in Fig. 1, the cable modem is composed of a 
15 cable modem proper A and an expansion unit B. The cable modem proper A 
includes a tuner 1, a CATV-side modulator/demodulator 2 (a DEMOD 
(demodulator) 2a and a MOD (modulator) 2b), a first MAC (medium access 
controller) 3, a CPU 4, a buffer 5, and a second MAC. The expansion unit B 
includes an SS wireless part 7 that performs modulation/demodulation and 
20 frequency conversion on the wireless side, an output level adjuster 8, and an 
antenna 9, On the other hand, as shown in Fig. 2, the interface portion C attached 
to the information processing terminal 27 includes an output level adjuster 21, a 
reception amplifier (power amplifier) 22, a frequency converter 23, a 
modulator/demodulator 24, a MAC 25, and an output controller 26. 



The tuner 1 selects information received from a CATV network, converts it 
into a demodulatable intermediate frequency, and feeds it to the demodulator 2a. 
The tuner 1 also incorporates a filter through which it transmits a modulated signal 
to the CATV network. Thus, through this filter, the tuner 1 sends out information 
5 fed from the modulator 2b to the CATV network, and takes in information from the 
CATV network into the cable modem. 

The DEMOD (demodulator) 2a demodulates the intermediate-frequency 
output, generally QAM-modulated, fed from the tuner 1 and converts it into data 
packets, which are then fed to the first MAC 3. On the other hand, the MOD 
10 (modulator) 2b modulates the output of the first MAC 3 (i.e. information to be 
transmitted to the CATV network), generally into a QPSK signal format, and feeds it 
Hi to the tuner 1. 

j|j The first MAC 3 classifies, or categorizes, information from the CATV 

P network and information from a subscriber (end user) into signals to be processed 

15 inside the cable modem and signals to be transmitted to the subscriber or to the 
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CATV network. The first MAC 3 also adds and removes headers and footers to 
and from data packets, i.e. packets of information, so as to convert the format of 
data packets. 

The CPU 4 controls the direction and timing in and with which to output 
20 information, and stores the information to be output temporarily in the buffer 5. 
Moreover, actually using the wireless-side network, the CPU 4 measures the BER 
(bit error rate) and, according to the thus measured BER, feeds the output level 
adjuster 8 of the expansion unit B with a signal that instructs it to increase or 
decrease the output level on the wireless side. This signal, requesting an increase 
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or decrease in the output level, is also transmitted through the wireless circuit of 
the expansion unit B to the interface portion C (see Fig. 2) of a subscriber. On the 
basis of this signal, the interface portion C of the subscriber adjusts, through the 
output controller 26, the output level of the output level adjuster 21. However, 
when continuous conmiunication cannot be secured, the user is allowed to 
manually reset the output level to the maximum level. Similarly, also with 
respect to the data transfer rate, it is possible, by measuring the BER, to increase or 
decrease the data transfer rate according to the measured BER. For example, such 
adjustment of the output level and the data transfer rate is achieved by a procedure 
as shown in Fig. 4. 

Specifically, first, the BER on the wireless network side is measured (step 
Si), and whether the measured BER value is equal to or greater than a first 
predetermined threshold value or not is checked (step S2). If the BER value is 
smaller than the first threshold value (i.e. if the check in step S2 results in "no"), a 
signal requesting a decrease in the output level is fed to the output level adjuster 8 
of the expansion unit B to decrease the output level (step S3), and the data transfer 
rate is set at the maximum value (step S4). 

On the other hand, if the BER value is equal to or greater than the first 
threshold value (i.e. if the check in step S2 results in "yes"), then whether the BER 
value is smaller than a second predetermined threshold value (here, the second 
threshold value > the first threshold value) or not is checked (step S5). If the BER 
value is smaller than the second threshold value (i.e. if the check in step S5 results 
in "yes"), the current output level is judged to be adequate, and the procedure is 
ended without outputting a signal. 



On the other hand, if the BER value is equal to or greater than the second 
threshold value (i.e. if the check in step S5 results in "no"), then whether the 
output level of the output level adjuster 8 has already reached the upper limit or 
not is checked (step S6). If the output level has not reached the upper limit (i.e. if 
5 the check in step S6 results in "no"), a signal requesting an increase in the output 
level is fed to the output level adjuster 8 of the expansion unit B to increase the 
output level (step S7), and the data transfer rate is set at the maximum value (step 
S4). 

In contrast, if, in step 6, the output level is found to have reached the upper 
10 limit (i.e. if the check in step S6 results in "yes"), the BER on the wireless network 
side is measured again (step 8), and whether the measured BER value is smaller 
than the second threshold value or not is checked again (step S9). If the BER 
value is smaller than the second threshold value (i.e. if the check in step S9 results 
in "yes"), the output level is judged to be adequate, and the procedure is ended 
15 without outputting a signal. 

On the other hand, if the BER value is equal to or greater than the second 
threshold value (i.e. if the check in step S9 results in "no"), then whether the data 
transfer rate at that time is at the minimum value or not is checked (step SlO). If 
the data transfer rate is at the minimum value, the procedure is ended. On the 
20 other hand, if the data transfer rate is not at the minimum value (i.e. if the check in 
step SlO results in "no"), the data transfer rate is further decreased (step Sll), and 
then the procedure returns to step S8. Thereafter, the operations in steps S8 to 
Sll are repeated. 

Here, in a case where a plurality of information processing terminals are 




connected by the wireless network, for example, a management table as shown in 
Fig. 5 is referred to and the output level and the data transfer rate are adjusted 
independently for each information processing terminal. In Fig. 5, "CPE" denotes 
"customer premises equipment" (equipment installed on a user's premises), which 
5 is a term used in the standards (MCNS) for cable modems. 

The output level and the data transfer rate are adjusted in the manner 
described above. 

The second MAC 6 converts and classifies data on the wireless side, and also 
exchanges data between the cable modem proper and the SS wireless part 7. In 
10 this embodiment, IP-conforming data packets are used, and therefore, with respect 
to data security, it is possible to use conventional security techniques, such as 
those using a public or secret key, as they are. 

The SS wireless part 7 performs modulation for transmission and 
demodulation for reception on the wireless side. With respect to this SS wireless 
15 part 7, it is possible to readily utilize the modulation/demodulation techniques 
used in conventional wireless modems. 

Fig. 6 is a protocol stack diagram showing the data conversion processes in 
the first and second MACs 3 and 6. Fig. 3 shows an example of the construction 
of a network system employing a cable modem according to the present invention. 
20 The features of this construction will be clear if compared with the conventional 
example shown in Fig. 9. In Fig. 9, reference numeral 91 represents a set-top box, 
reference numeral 92 represents a television monitor, and 27a and 27b represent 
personal computers. 

In this embodiment, the information that the cable modem has received from 



the CATV network is first demodulated, and then the first MAC 3 separates the 
information into control information required by the cable modem itself and 
information to be transmitted to a subscriber's information processing terminal. 
At this time, if a plurality of information processing terminals exist, it is also 
necessary to identify to which information processing terminal to transmit 
information. Then, the thus separated information (the information to be 
transmitted to the information processing terminal) is subjected to modulation and 
then to frequency conversion, and is then transmitted to the information processing 
terminal. 

On the other hand, the information that the cable modem has received from 
the information processing terminal through the interface portion C is demodulated, 
and is then, after identifying the sender by referring to the management table 
shown in Fig. 5, separated into messages to the cable modem itself and information 
to be transmitted to the CATV station (head end). This information is then 
modulated and send out to the CATV network. 

Figs. 7 and 8 are external perspective views showing examples of the 
coupling mechanism between the cable modem proper A and the expansion unit B 
of the cable modem having a wireless communication function configured as 
described above. 

In the coupling mechanism shown in Fig. 7, a plug 13 is provided in the 
cable modem proper A, and a connector 12 is provided in the portion facing it of 
the expansion unit B, constituting as a whole a coupling mechanism of a slot-in 
type. 

On the other hand, in the coupling mechanism shown in Fig. 8, a connector 
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(for example, an RJ-45 jack) 15 of a LAN cable is provided in the cable modem 
proper A, and a plug (for example, an RJ-45 plug) 14 of a LAN cable is provided in 
the portion facing it of the expansion unit B. This coupling mechanism, which 
couples the cable modem proper A and the expansion unit B together by use of 
5 LAN connectors, permits easy switching between wired and wireless 
communication. 

As described above, according to this embodiment, a cable modem having a 
wireless communication function is provided with a cable modem proper that is 
connected by way of a coaxial cable to a CATV network and an expansion unit 
10 attached thereto having a wireless LAN function that permits communication with 
an information processing terminal on a wireless basis. In addition, this 
expansion unit and the cable modem proper are coupled together by use of a plug 
and a connector in such a way as to be freely removable. This permits easy 
p switching from wired communication to wireless communication, 

p 15 Moreover, in this cable modem having a wireless communication function, 

P the bit error rate of the expansion unit is measured at regular time intervals so that 

the output level and the data transfer rate are varied according to the measurement 
results in order to keep communication quality above a predetermined level. In a 
case where a wireless network is used for communication with an information 
20 processing terminal, there is the risk of poor communication quality depending on 
the location of the information processing terminal. Even in such a case, this 
configuration makes it possible to keep communication quality above a 
predetermined level all the time. 

Moreover, in this cable modem having a wireless communication function, 
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the cable modem has a function of transmitting information on how much to 
increase or decrease the output level according to the measurement results to an 
interface portion of the information processing terminal that conmiunicates with 
the cable modem on a wireless basis. This permits the output level and the data 
5 transfer rate to be adjusted also in the interface portion of the information 
processing terminal, and thereby makes it possible to keep communication quality 
above a predetermined level all the time also on the part of the information 
processing terminal. That is, by adjusting the output level and the data transfer 
rate in both the cable modem and the interface portion of the information 
10 processing terminal, it is possible to keep conmiunication quality above a 
predetermined level. Moreover, by adjusting the output level adequately, it is 
possible to save energy. 
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